Introduction
We present an evolved X-band antenna design and flight prototype currently on schedule to he deployed on NASA's Space Technology 5 [lo] spacecraft in late 2004. The antenna was evolved to meet a challenging set of mission requirements, most notably the combination of wide beamwidth for a circularly-polarized wave and wide bandwidth. The highest performance antenna found using a genetic algorithm was fabricated and tested. The combination of wide beamwidth for a circularly-polarized wave and wide bandwidth make for a challenging design problem In terms of simulation challenges, because the diameter of the spacecraft is 54.2 cm, the spacecraft is 13-15 wavelengths across which makes antenna simulation computationally intensive. For that reason, an infinite ground plane approximation or smaller finite ground plane is used.
Researchas
In addition to the requirements above, an additional "desired" specification was issued for the field pattern. Because af the spacecraft's relative orientation to the Earth, high gain in the field pattern was desired at law elevation angles. Specifically, across 0' 5 4 5 360", gain was desired to meet 0 dBic for 0 = 40", 2 dBic for B = EO", and 4 dBic for ll = 90".
Evolved Antenna Design
We constrained our evolutionary design to a monopole wire antenna with four identical arms, each arm rotated 90" from its neighbors. A tree-based, LOGO-like antenna constructing programming language was devised. Each node in the tree-structured representation is an antenna-construction command that either specifies the length and radius of a wire or rotates the coordinate system a specified number of degrees. An antenna design is created by starting with an initial feedwire and adding wires. For the ST5 mission the initial feed wire starts at the origin and has a length of 0.4 cm along the Z-axis. To take into account imprecision in manufacturing an antenna, antenna designs are evaluated multiple times;each time with a small random perixrbation applied to joint angles and wire radii. Also, designs evolved with this manufacturing noise tend to perform well across a broader range of frequencies than do antennas evolved without this noise. where outfier(i,j) = 0.1 if gairu, < 0.01 or 0 otherwise. These three components me multiplied together to produce the overall fitness score, F , which is a cost function:
To keep the antenna evaluations fast, an infinite ground plane approximation was used in all runs. This was found to provide sufficient accuracy to achieve several good designs. Designs were then analyzed on a finite ground plane the same shape and size as the top of the ST5 body to determine their effectiveness at meeting requirements in a realistic environment. The Numerical Electromagneties Code, Version 4 (NEC4) [Z] wza used to evaluate all antenna designs. A population of 200 and a mutation rate of50% w a used.
G A R u n Setup and Results
The best antenna design found was fabricated and tested. The antenna named ST5-3-10 is shown in Figure 1 . It is 100% compliant with the mission antenna performance requirements, confirmed hy testing the prototype antenna at NASA Goddard Space Flight Center. The VSWR plot and the 8.47 GHz max/min gain pattern are shown in Figure 2 . The VSWR values are slightly higher than the requirements specify because of mismatch issues on the test equipment.
Figure 1: Photograph of prototype evolved antennas ST5-3-10
Conclusion
Evolved antenna ST5-3-10 was shown to be compliant with respect to the ST5 antenna performance requirements. It has an unusual organic-looking structure, one that expert antenna designers would likely not produce. Same of its potential benefits are as follows. The antenna achieves high gain (2-4dB) across a wider range of elevation angles. This would result in less power consumption. The evolved antenna does not require a matching network nor phasing circuit, removing two steps in design and fabrication of the antenna. The evolved antenna had a shorter design cycle: it w&s estimated that antenna ST5-3-10 took 3 person-months to design and fabricate the first prototype as compared to 5 person-months for the quadrifilar helical antenna.
